In this paper, an artificial neural network (ANN) design technique for a stub microstrip band-pass filter is presented. Essential dimensions of the microstrip filter layout are used to get the relationship of the input-outputs for ANN model. This paper presents the design and analysis of stub microstrip band-pass filter at mid-band frequency 1.8 GHz, which produced improved bandwidth and minimum insertion loss of -0.5899 dB and return loss of -36.67 dB. Artificial neural network architecture has been proposed to determine the magnitude variation of scattering parameters (S-parameters) of the microstrip band-pass filters for various dimensions. The ANN model produced has been exposed to be as exact and veracious as an EM simulator and it is computationally more effective in the design. The simulation is performed using the commercial software IE3D 14.1 and ANN training of S-parameters are performed in MATLAB 7.1.
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Introduction
A filter that passes only one band of frequencies and rejects both higher and lower frequencies is known as band-pass filter. The bandwidth of the pass band of a band pass filter is defined as the frequency difference between lower and upper corner frequencies, such as -3 dB points (Hong and Lancaster, 2001; Wu et al., 2012) . In standard band-pass filters the mid-band frequency is calculated using either geometrically or arithmetically using standard formulae as given under. Geometrically :
where f 1 and f 2 are lower and upper corner frequencies. A microstrip band-pass filter has many important properties such as easy fabrication, large bandwidth, compact size, and very low insertion loss. Therefore, it has many applications in mobile communication and microwave applications (Hong and Lancaster, 2001 ). Neural-network techniques are widely used in many microwave applications such as embedded passives (Devabhaktuni et al., 2001 ), transmission-line components (Devabhaktuni et al., 2002; Narayana et al., 2007 Narayana et al., , 2008a , bends (Bandler et al., 1999) , vias (Watson and Gupta, 1996) , coplanar waveguide (CPW) components (Watson and Gupta, 1997) , spiral inductors (Creech et al., 1997) , FETs (Zaabab et al., 1995; Narayana et al., 2008b) , amplifiers, etc. Many RF/microwave engineers and researchers are working in this field and also taking serious interest in this technology. ANN has many applications in various fields like speech processing biomedical engineering, pattern recognition, control, etc. ANNs can also be used in RF and microwave computer-aided design (CAD) problems (Wang et al., 1999; Li and Gao, 2007; Nath and Gupta, 2012) . This paper presents the design and analysis of microstrip band-pass filters at mid-band frequency 1.8 GHz with good wide-band and very low insertion loss and an artificial neural network (ANN) model is proposed to determine the magnitude variation of scattering parameters (S-parameters) in microstrip band-pass filters for various dimensions.
Research work is new and it is based on the basic concepts of ANN. In this case a large number of EM simulated performances of filter are obtained in terms of scattering parameters after varying the filter dimensions for the desired frequency band. Thus the more accurate results are obtained after ANN training performed in MATLAB. The ANN layers have sigmoid and linear transfer function. In the first layer a tansig function is used to map the neuron's input from the interval (-∞, ∞) to the interval (-1, +1). The tansig function is a fully differentiable function, which makes it suitable for the neurons to be trained using back propagation algorithm. Li and Gao (2007) proposed millimeter-wave micro machined filter design by ANN modelling technique. A design approach for a 34 GHz λ/2 wavelength resonator micro machined band-pass filter by using the ANN modelling technique is presented. Three important dimensions of the filter layout are used to capture critical input-output relationships in the ANN model. The filter structure is based on the idea of suspending the microstrip or strip line on thin dielectric membranes (typically 1.5 μm to 2 μm thick) to eliminate dielectric loss and dispersion problems, resulting in a pure TEM mode of propagation and conductor-loss limited performance. Narayana et al. (2008a Narayana et al. ( , 2008b proposed ANN models for coplanar strip line analysis and synthesis. Simple and accurate ANN models are proposed for the analysis and synthesis of CPS structures to very accurately compute the characteristic parameters and the physical dimensions respectively for the required design specifications. Nath and Gupta (2012) proposed analysis of EM scattering in waveguide filter using NN. Author discussed the application of NN technique in the modelling of a typical electromagnetic (EM) field scattering problem in a waveguide filter structure. The structure under consideration is a rectangular waveguide with four dielectric circular rod inserted symmetrically. Wu et al. (2012) proposed novel dual-mode band pass filter using slot-line square loop resonator (SSLR). A novel dual-mode filter composed of SSLR loaded with four slot-line stubs and four slot patches is proposed. Two types of slot patches are loaded in each corner to split the degenerate modes flexibly. Two T-shaped feed lines are arranged orthogonally to provide a large external coupling as well as source-load coupling. The dual-mode filter has the advantages of relatively wideband and flexible transmission zeros to realise either symmetrical or asymmetrical suppression.
Related work

Design of stub microstrip band-pass filters
Stub microstrip band-pass filters can be designed as shown in Figure 1 , which is made of shunt short-circuited stubs that are λ g0 /4 long with connecting lines that are also λ g0 /4 long, where λ g0 is the guided wavelength in the medium of propagation at the centre frequency f 0 . For a filter of degree n as given below, the stub band-pass filter characteristics depends on the characteristic admittances of the stub lines denoted by Yi (i = 1 to n) and the characteristic admittances of the connecting lines denoted by Y i,i+1 (i = 1 to n -1). The design equations for determining these characteristic admittances described in Hong and Lancaster (2001) are given by
, 1 0 1 0 1 for 2 to 2 , 
, 1 , 1 0 0 for 1 to 1
where these parameters are defined below: Fractional bandwidth (FBW): The fractional bandwidth of a filter is a measure of how wideband the filter is. If the filter operates at centre frequency f 0 between lower frequency f 1 and upper frequency f 2 (where f 0 = (f 1 + f 2 )/2), then the fractional bandwidth FBW is given by:
The fractional bandwidth varies between 0 and 2, and is often quoted as a percentage (between 0% and 200%). When this percentage is higher, the bandwidth will become the wider. Wideband filters typically have a fractional bandwidth of 20% or more. Filters with a FBW of greater than 50% are referred to as ultra-wideband filters. It is well understood for lossless homogeneous transmission lines. These include, for example, coaxial cable, strip line, and rectangular waveguide (note that while rectangular waveguide is dispersive and non-TEM, impedance is uniquely defined because it is homogeneous). In these cases, for a given mode, propagating in a given direction, at a given frequency, the ratio of transverse electric field (E) to transverse magnetic field (H) is constant everywhere. The value of this ratio is the characteristic impedance of the line. An equivalent-circuit theory voltage and current can then be derived, purely from the transverse fields (even for non-TEM modes) which correspond to that impedance. To express how to design this type of microstrip filter, let us start with a five pole (n = 5) Chebyshev low-pass prototype with a 0.1 dB passband ripple. The prototype parameters are 0 6 1 5 2 4 3 1.0, 1.1468
The band-pass filter is designed to have a fractional bandwidth FBW = 0.5 at a mid-band frequency f 0 = 1.8 GHz. A 50 ohm terminal line impedance is chosen, which gives Y 0 = 1/50 mhos. The computed design parameters using equations (1) to (8) are summarised in Table 1 . For the microstrip filter design, we use a dielectric substrate with a relative dielectric constant of 10.2 and a thickness of 0.635 mm. Using the microstrip design equations, the widths and guided quarter-wavelengths associated with the characteristic admittances in Table 1 can be found and are listed in Table 2 . Table 2 Microstrip design parameters of a five-pole, stub band-pass filter with λg0/4 short-circuited stubs Figure 2(a) shows the layout of the designed stub microstrip filter in IE3D and Figure 3 (a) plots the filter frequency responses obtained by full-wave IE3D EM simulations. In general, the performance is seen to be in good agreement with the design consideration. It is also seen that the filter has a second pass-band centred by 3f 0 , but exhibits an attenuation pole at 2f 0 , which are typical stop-band characteristics of this type of filter. Filters of this type are primarily used as wide-band filters, because if narrow-band filters are designed in this manner, their stubs will have undoubtly low impedance levels.
Mathematical model
A stub microstrip band-pass filter with five short-circuited stubs (n = 5) and a fractional bandwidth FBW = 0.5 at a mid-band frequency f 0 = 1. 
From equations (i) and (ii) From equation (1) 0.5 1 6 7 . 5 2 2 π θ
From equation (2) 1,2 1 0 0 2 2 1.1468 1 1.372
Here Y 0 = 1/50 mhos.
Now from equation (4) 2 2 1,2 0 1 1,2 0 tan 2
From equations (iiii), (v) and (vi) 
Similarly determine the admittance and impedance for other connecting lines and stubs, which is given below. Similarly calculate the microstrip line width and quarter guided wavelength for other line impedances.
IE3D layout of stub microstrip band pass filter
The final 2-D layout of stub microstrip band-pass filter design is shown in Figure 2 (a) with the help of IE3D EM simulator.
3-D geometry of the designed stub microstrip band-pass filter with the five short-circuited stubs is shown in Figure 2 
Implementation and results
The full-wave EM simulated performance of the designed stub microstrip band-pass filter is illustrated in Figure 3(a) .
Return-loss and insertion-loss expressed in terms of S-parameters (S 11 , S 21 ). Magnitude of S-parameters is summarised in Table 3 which is represented in dB form. Figure 3 (b) represents the phase response of stub microstrip band-pass filter which represents the phase variation of S-parameters in degrees. Now changing the dimensions of short circuited stubs, quarter guided wavelength and microstrip line width; different S-parameters are obtained for different dimensions. W 3 is the corresponding width of the middle stub. If we change only in the width W 3 of middle stub then only the single parameter changes only at a time while its quarter guided wavelength remain same then the corresponding ANN model can be designed accurately and easily. In ANN training the inputs should be provided in matrix form. At a time only single input parameter is changed and the other parameters will remain same. Since the middle stub has a unique impedance value (Z 3 = 14.65 Ω). Hence only W 3 should be changed. Other stubs impedances are matched well (e.g., Z 1 = Z 5 = 28.36 Ω, Z 2 = Z 4 = 14.41 Ω). In band-pass filter, varying only the line width W 3 of short circuited stubs and keeping quarter guided wavelength, line width W 1 , W 2 , W 4 and W 5 constant. Then for mid-band frequency f 0 = 1.8 GHz, following IE3D simulated results are obtained in terms of S-parameters and are given in Table 4 . S-parameters are measured with the help of FS-315 spectrum analyser. Comparison of measured and simulated insertion loss for stub microstrip band-pass filter is shown in Table 5 and Figure 6 . Figure 7 and Table 6 represents the comparison of measured and simulated return loss for stub microstrip band-pass filter. 
Figure 6
Comparison of measured and simulated insertion loss (S 21 ) for stub microstrip band-pass filter (see online version for colours) Figure 7 Comparison of measured and simulated return loss (S 11 ) for stub microstrip band-pass filter (see online version for colours) 
ANN architecture for the analysis of stub microstrip band-pass filter
The ANN architecture used in this paper is shown in Figure 8 which consists of an input layer, an output layer and one hidden layer. It is utilising the back propagation training algorithms (Devabhaktuni et al., 2002) . The hidden layer consists of non-linear activation functions, and gives modelling of complex input/output relationships between multiple inputs and multiple outputs (Wang et al., 1999) . Inputs and outputs are linked by many sets of weights.
Training of the ANN model can be performed by adjusting these weights to give the accurate response. ANN trained outputs is compared to the known outputs and then the respective errors are calculated. Training process keeps on working until the errors get reduced as much as possible than the given prescribed values (Li and Gao, 2007) . In order to make an ANN model for this band-pass filter, a lot of EM simulations need to be performed first. 
Back-propagation algorithm:
There are many variations of the back-propagation algorithm. The simplest implementation of back-propagation learning updates the network weights and biases in the direction in which the performance function decreases most rapidly -the negative of the gradient. One iteration of this algorithm can be written as
where X k a vector of current weights and biases is, g k is the current gradient, and α k is the learning rate. ANN trained results are more accurate and it reduces the computation time as compared to IE3D electromagnetic simulation. The width of microstrip line, quarter guided wavelength, substrate Dielectric constant and frequency are taken as the input parameters whereas scattering parameters are taken as the output parameters or targets, which are represented in terms of decibel (dB). The variation ranges of input parameters are listed in Table 4 . The training data has been obtained in the EM simulation over a mid-band frequency of 1.8 GHz. S-parameters obtained after the ANN training have been presented in Table 7 . ANN trained and IE3D simulated results have been close for the same dimension because the scattering parameters are obtained only for the desired frequency band which is validating the simulated performance of the band pass filter.
Hence the results should be closed but the difference is that ANN trained result has less error and less computation time as compared to the IE3D simulated results.
Results and discussion
In the proposed design the S-parameters have been mapped by ANN. For mapping the S-parameters, MATLAB programming language GUI tools are used. Type the command 'nntool' on the MATLAB programming language command window so that the following Network/data manager window appears on the MATLAB as shown in Figure 9 . Select the 'new data' and now create the inputs and outputs. Create the filter dimensions as input data and Scattering parameters (S 11 , S 21 ) are taken as outputs/targets in matrix form. Select the 'new network' and back propagation training algorithm and define the number of neurons in input and output layers. 'Tansigmoid' function is used for obtaining the output from input layer and 'pureline' activation function is used for obtaining the response from output layer. Now for mapping the S-parameters, training is performed by selecting the 'Train'. 'TRAINLM' training function is used for training the network. Click on 'View' button to visualise the architecture of ANN as shown in Figure 11 . Now the trained outputs are obtained in terms of S-parameters and the respective errors are calculated. Hence the S-parameters are mapped accurately by using ANN.
Training graph obtained after ANN training of samples for magnitudes of S-parameters is shown in Figure 10 . Training process performed in MATLAB software. Here the full set of input samples is passed through the ANN to compute the least squared error function used in the back propagation of the errors step. Each such pass is called an epoch. Figure 10 shows that training performs in 100 epochs and error get reduced from 10 2 to 10 -1
. The major advantage of using ANN model for the filter design is more reduction in CPU time. In This case IE3D Simulator has used about 15-20 minutes on a PC (2.29 GHZ CPU and 1.86 GB RAM) to perform the design optimisation of the filter, but the ANN model has only required eight to nine seconds (in MATLAB) to perform the same task on the same computer. Training process continues until the errors get minimised as far as possible than the given prescribed values. In order to develop an ANN model for this filter, a number of EM simulations need to be performed first. It is clearly seen from the frequency responses that insertion loss should be very low and return loss should be very high, which is the prime requirement for any band pass filter design. The performance is seen to be in good agreement with the design consideration. It can be clearly established by analysing Figure 10 , which represents that the error has reduced drastically as epochs are increased, so that the accurate and error free results are obtained after the ANN training. Tables 4 and 7 have presented the comparison between the data obtained from the EM simulation and ANN trained for the proposed filter. The ANN architecture of the proposed microstrip band pass filter has been given in Figure 11 with its internal assignment of the parameters. As shown in the above NN architecture, it consists of three layers. The three-layer NN has one input layer (layer 1), one hidden layer (layer 2) and one output layer (layer 3). An output layer is a layer that produces the network output. Input and output layer consists of two neurons. Mid-band frequency (f 0 ), quarter guided wavelength (L 3 ) and width (W 3 ) are applied at the input neurons while the S-parameters (S 11 and S 21 ) are obtained from the output neurons in dB form. A constant input 1 is applied to the biases for each neuron. The outputs of each intermediate layer are the inputs to the next layer.
Conclusions
This paper presents the structure and application of ANNs in the design of a stub microstrip band-pass filter at the mid-band frequency 1.8 GHz with low insertion loss. It has noted that the developed ANN model in MATLAB for the considered microstrip band-pass filter can be as authentic and accurate as an EM simulator and also it is computationally more effective. More accurate results are obtained in terms of scattering parameters after ANN training which minimises the error and required computation time and gives the accurate insertion loss and return loss within the passband of band pass filter. Also more accurate dimensions of filter are decided after performing the ANN training for band-pass filter. Accurate and simple neural models are described to calculate the S-parameters of microstrip band-pass filter for the required design consideration and trained by using different training algorithms to obtain low insertion loss, better performance and fast speed with a compact structure.
